A primary standard is not required since the relative permittivity is defined as the dimensionless ratio of the permittivity of the dielectric to the permittivity of a vacuum.
It may be determined by obtaining the ratio of the capacitance of a capacitor completely filled with the dielectric (C) to the capacitance of the capacitor when evacuated (C0).
In practice, the permittivity of the dielectric is not normally compared with vacuum but with a reference gas or air.
The relative permittivity of dry, carbon dioxide free, air at 293.15 K and 101 .325 kPa is 1.0005364 ± 3 x i0 (Ref. 6) .
This value varies with the temperature and the percentage of carbon dioxide and moisture as given in section III 2.
The capacitance is usually measured by a bridge or resonance method and suitable cells and bridge circuits have been described (Ref. 2) .
The measurement of relative permittivity can be made using either an absolute or a non-absolute technique.
In the absolute method the effective capacity of the cell in vacuum Co is accurately determined from a measurement in vacuo.
An alternative to a measurement in vucuo is to make a measurement using a reference gas at ambient temperature and pressure then make the small correction necessary to obtain the value of the capacitance in vacuo. Most three terminal and differential cell designs allow an absolute determination to be made. Some designs of two terminal cells, where the leads capacitance can be determined without recourse to the use of a reference liquid, can be used for absolute measurements (Ref s. 3, 4) . The procedure is non-absolute when a liquid is used to obtain Co. In general it is expected that a measurement made using an absolute technique enhances the probable accuracy and such measurements have been given more weight in the evaluation.
Futher the more recent precision measurements, provided the purity of the sample has been adequately established, have been given a greater weighting in the evaluation. When designing a cell, notice should be taken of the problems associated with the use of metal films on glass to form the electrode (Ref s. 3, 5) .
The relative permittivity depends on frequency and the limiting value at zero frequency is termed the static relative permittivity.
In this section the values of 8r reported refer to the static relative permittivity. Permittivity 1849 Equipment ' :iiing relative permittivity can be either calibrated or checked with fluids of known relative pernittivity, hence there is a need for selected reference materials.
The criteria for selecting a reference material is that it should e chemically stable and easy to purify, its conductance should be small, and sufficient neasureinents of :iigh precision should have been nade in order to establish the reUabiiity of the values (efs. 7-9) .
Further, because of the :iigh value of Cr for water, the naterials (except water) nust be easyto dry.
The recommended values for the liquids are given at ati:ospheric pressure. The following provisos apply to the information on reference materials; (a) the recommended materials have not been checked independently by the IUPAC, (b) the quality of the material nay change with time, (c) the quoted sources of supply may not be the exclusive sources because no attempt has been made to seek out all possible alternative sources, and (d) the IUPAC does not guarantee any material that has been recommended.
COMMISSION ON PHYSICOCHEMICAL MEASUREMENTS AND STANDARDS
Sources of suppip and/or methods of purification: Cyclohexane is normally purified by fractional distillation of analytical grade material from sodium (Ref. Sourcee of 8Upply and/or methodo of purification: Analytical grade tetrachloroinethane that has been prepared by the direct chlorination of methane is normally purified by fractional distillation and the process of purification may be monitored by gas It should be noted that tetrachloromethane gives a reduced response while carbon disulphide gives little response when using flame ionization as the detector on a gas chromatograph. Carbon disulphide and water can be determined using a thermal conductivity detector and a 'Poropak type Q' column. Analytical grade benzene is usually purified by shaking with aliquots of one tenth its volume of concentrated sulphuric acid until no colour appears in the acid layer.
After a dilute sodium carbonate wash and repeated washes with water it is dried over calcium chloride then sodium and distilled in an efficicnt column from sodium or calcium hydride (Refs. 1 -4). Ilartshorn, Parry, and
2) noted the difficulty of removal of water from benzene and considered that it was not a reliable reference material. They recommended storing over calcium hydride for at least three weeks.
Van der Liaesen (Ref.
3) noted that after distillation from sodium it took six months of drying over sodium before a value constant to i0 in the relative permittivity was obtained.
Mecke, Joeckle, and Klingenberg (Ref. 5) noted that it took 200 minutes of drying of a purified samle with phosphorus pentoxide before the relative pernittivity became constant to 10'.
The same value of the relative permittivity was obtained after drying for 10 minutes with type 4A 'Linde' molecular sieve which has been regenerated at 473 K.
The recommended purification is by the standard procedure given above with a final drying over type 4A 'Linde' molecular sieve just prior to the measurement.
The progress of the purification may be monitored by gas chromatography.
Water may be determined using a thermal conductivity detector and a 'Poropak type Q' column.
Samples of benzene of purity approximately 99.99 mole per cent are available from suppliers (B), (C), and (D). Methanol should be stored under an inert atmosphere prior to use. The process of purification can be followed by gas chromatography. The sample can be analysed for its water content by the use of a 'Poropak type Q' column and a thermal conductivity detector. Hartshorn et al. (Ref. 2) repeatedly distilled (at atmospheric pressure) an analytical grade sample, the final distillatin being from finely powdered alumina. No change was observed after allowing the liquid to stand over powdered calcium hydride for four weeks. Samples of nitrobenzene are available from supplier A. Intended ueage: Liquid hydrogen can be used for the calibration and testing of the performance of apparatus to be used for the measurement of relative permittivity at low temperatures.
Hydrogen gas at atmospheric pressure can be used for a similar purpose at 293.15 K.
Sourcee of eupply and/or methode of purification: For measurements on the liquid a normal hydrogen sample should be prepared electrolytically. Intended usage: Liquid oxygen can be used for the calibration and for the testing of the performance of apparatus to be used for the measurement of relative permittivity at low temperatures.
Oxygen gas at atmospheric pressure can be used for a similar purpose at 293.15 K.
Source of supply and/or method8 of purification: Laboratory grade oxygen purified by passing through a silica gel trap at 77 K before liquefaction is recommended (Ref. 
D. Gas State -
The only recent precise measurements on oxygen gas are those by Dunn (Ref. 
